Hydrotherapy equipment provides a perfect environment for the formation and growth of microbial biofilms. Biofilms may reduce the microbiological cleanliness of hydrotherapy equipment and harbour opportunistic pathogens and pathogenic bacteria. The aims of this study were to investigate the ability of microorganisms that colonize hydrotherapy equipment to form biofilms, and to assess the influence of temperature and nutrients on the rate of biofilm formation. Surface swab samples were collected from the whirlpool baths, inhalation equipment and submerged surfaces of a brine pool at the spa center in Ciechocinek, Poland. We isolated and identified microorganisms from the swab samples and measured their ability to form biofilms. Biofilm formation was observed at a range of temperatures, in both nutrient-deficient and nutrient-rich environments. We isolated and identified microorganisms which are known to form biofilms on medical devices (e.g. Stenotrophomonas maltophilia). All isolates were classified as opportunistic pathogens, which can cause infections in humans with weakened immunity systems. All isolates showed the ability to form biofilms in the laboratory conditions. The potential for biofilm formation was higher in the presence of added nutrients. In addition, the hydrolytic activity of the biofilm was connected with the presence of nutrients.
INTRODUCTION
In the natural environment, microorganisms are rarely Hydrotherapy is the branch of medical science that combines mineral water with modern equipment (for inhalation, underwater and whirlpool massages, etc.) to treat and prevent many diseases and to help patients recover. Due to the relatively high temperature of water (20-38 C) and the availability of nutrients, this equipment provides an ideal environment for the growth and spread of microorganisms, including pathogens (Szczygłowska et al. ) .
Biofilms adversely affect the microbiological cleanliness of the sanitary installations and hydrotherapy equipment and facilities in spas/hospitals (Otter et al. ) . In addition, their multi-species structure promotes the growth of pathogens, such as Legionella pneumophila (Leoni et al. ) and opportunistic pathogens, for example Pseudomonas aeruginosa (Rice et al. ; Leoni et al. ; Walker & Moore ). Therefore, the aim of this study was to evaluate the ability of microorganisms that colonize hydrotherapy equipment and installations to form biofilms.
MATERIALS AND METHODS

Sampling
Sterile swabs were used to take samples from whirlpool baths, inhalation equipment and submerged surfaces of the brine pool at the spa in Ciechocinek, Poland. The swabs were transported to our laboratory immediately after the collection in insulated containers at 7 C.
Isolation and identification of microorganisms
In order to isolate microorganisms, the tips of the swabs were cut off and placed in tubes containing 10 ml of sterile saline.
The tubes were then vortexed (for 2 min) to remove microbial cells from the swab material. Ten-fold serial dilutions were prepared from the obtained suspensions using sterile saline diluent. The diluted suspension was then inoculated on to the following media: nutrient agar (composition [g/l]: peptone -5.00; yeast extract -3.00; bacteriological agar -15.00) for strains with high nutritional requirements; and R2 agar (composition [g/l]: peptone -0.75, yeast extract -0.50, tryptone -0.25, glucose -0.50, starch -0.50, sodium pyruvate -0.30, MgSO 4 -0.024, K 2 HPO 4 -0.30, bacteriological agar -15.00) for defective strains and strains weakened by physiological shock or with low nutritional requirements.
This medium was recommended for the enumeration and cultivation of many bacteria from water. Due to varying nutritional requirements, some strains may grow poorly or fail to grow on this medium (e.g. Legionella pneumophila)
The two media were prepared using the same concentration of brine (instead of distilled water) that was used in the hydrotherapy equipment we examined (brine pool, whirlpool baths, inhalation equipment). The inoculated plates were incubated at 26 C (as in the investigated equipment) for 7 days.
Isolates were identified using the MALDI method (matrix assisted laser desorption and ionization) accompanied by mass measurement of each sample in a mass spectrometer. Matrixassisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) is a rapid, reliable, and highthroughput diagnostic tool for the identification of microorganisms (Dingle & Butler ) . It is based on the ionization of cocrystallized sample material by short laser pulses. MALDI/ TOF spectra are used for the identification of microorganisms such as bacteria or fungi (Dingle & Butler-Wu ) . A portion of a colony of the microbe in question is placed onto the sample target and overlaid with matrix. The mass spectra generated are analyzed by dedicated software and compared with stored profiles. MALDI-TOF MS was carried out with a MALDI Microflex LT (Bruker Daltonics, Bremen, Germany). 
Biofilm forming ability of the isolated strains
Start culture
Erlenmeyer flasks, each containing 20 ml of nutrient broth (composition [g/l]: peptone -5.00, yeast extract -3.00) were inoculated with different strains of microorganisms using an inoculation loop, and then incubated for 24 hours at 26 C. Following incubation, the bacterial cultures were diluted 100-fold with saline solution to reach
Each strain was tested for biofilm formation in three 
Evaluation of biofilm hydrolytic activity
Hydrolytic activity of biofilms was determined using fluorescein diacetate (FDA) (10 mg FDA/ml acetone) (Peeters et al. ) . Bacterial suspensions were prepared as described above (for the quantitative analysis), and 2 ml of the culture added to each well of sterile 24-well titration plates. The plates were then incubated at 26 C and 30 C for 48 h. After the incubation, the unbound bacteria were rinsed off three times using PBS. Next, each well of the titration plate was filled with 2 ml of sterile PBS and 20 µl of FDA. The plates were incubated in the dark for three hours at 26 C and 30 C. The amount of released fluorescein was measured using a Hitachi spectrofluorimeter F-2500, at an excitation wavelength of 480 nm and an emission wavelength of 505 nm.
Statistical analysis
Statistical analyses of variance (ANOVA) with post-hoc Tukey HSD (Honestly Significant Difference) were performed using program STATISTICA 6.0. Table 1 (Figure 1(a) ).
RESULTS
Isolation and identification of bacterial strains
According to the criteria described by Stepanovic et al. (Figure 1(c) ). The largest amount was produced by Stenotrophomonas maltophilia (A ¼ 0.718) isolated from the inhalation equipment (Figure 1(b) ). According to Stepa- At 30 C, the hydrolytic activity of biofilms ranged from 0 to 2.446 µg/ml (Figure 4) . The highest hydrolytic activity (2.446 µg/ml) was recorded for a biofilm formed by Stenotrophomonas acidaminiphila, isolated from the whirlpool baths ( Figure 4c ). There was no hydrolytic activity of a biofilm formed by Stenotrophomonas maltophilia, also isolated from the whirlpool baths (Figure 4c ).
Statistical analysis
The results of the biofilm formation were compared using ANOVA with the Tukey post-hoc test.
For the brine pool, the statistical analysis revealed significant differences between the amount of biofilm showed that 32 C was optimal temperature for biofilm for- 
CONCLUSIONS
The study confirmed the possibility of biofilm formation on the surfaces of hydrotherapy equipment. The isolated and identified microorganisms were very diverse. No common pathogens were identified among the isolates. All isolates were classified as opportunistic pathogen which can cause infections in humans with weakened immunity systems.
All isolates showed the ability to form biofilms in the laboratory conditions. Biofilm formation was observed at both 26 C and 30 C. The introduction of nutrients (to simulate contamination) increased biofilm formation. This indicates that the contamination of natural raw materials (brine) and hydrotherapy equipment enhances biofilm formation and may lead to serious infections. For this reason, it is necessary to regularly monitor equipment, facilities and installations and also water use in spas.
